Impairment of vascular endothelial nitric oxide synthase activity by advanced glycation end products.
Endothelial damage is believed to play a key role in the development of both micro- and macrovascular disease in diabetes, and advanced glycation end products (AGEs) may contribute importantly to this. To determine whether glucose-derived AGEs can cause endothelial dysfunction, we examined the effects of albumin AGE-modified by glucose (AGE-Glu) both in vivo, after injection into rabbit femoral artery, and in vitro on rabbit aortic rings and cultured human umbilical vein endothelial cells (HUVEC). Exposure of blood vessels to AGE-Glu, in vivo and in vitro, inhibited endothelium-dependent vasorelaxation, whereas unmodified albumin did not. In isolated rabbit aorta, this effect was reversible after AGE-Glu washout, and the response to the endothelium-independent vasodilator sodium nitroprusside was unaffected by AGE-Glu. In HUVEC, AGE-Glu inhibited endothelial nitric oxide synthase activity, and this was associated with a decrease in serine phosphorylation of this enzyme. Longer term (72 h) incubation decreased HUVEC viability. Use of specific antibodies demonstrated that these effects were mediated by N(epsilon)-(carboxymethyl)lysine (CML), an important AGE found in vivo, and by the AGE-R1 receptor. Furthermore, these effects all occurred at CML concentrations similar to those found in the plasma of diabetic patients. These results suggest an important role of AGE in the pathogenesis of diabetic vasculopathy.